Introduction {#sec1-1}
============

Worldwide, breast cancer is the most common cancer among women and one of the leading causes of morbidity and mortality for women;\[[@ref1][@ref2]\] and almost 1.7 million new cases and 521,900 breast cancer deaths were estimated in 2012.\[[@ref3]\] Breast cancer survivors make up a large proportion of cancer survivors. Their numbers have prompted a concerted effort to address and meet the needs of this ever-growing population. Concerns related to difficulty in sleep, fatigue, distress, and sexual dysfunction are among ones that significantly impact the quality of life (QOL).\[[@ref4][@ref5][@ref6]\] Sleep disorder has been reported before, during, and after cancer treatment.\[[@ref4][@ref5][@ref6][@ref7]\] Chronic sleep disorder is common among breast cancer survivors with the reported prevalence ranging from 30% to 90%.\[[@ref6][@ref7][@ref8][@ref9][@ref10]\] Individuals with sleep disorder suffer from difficulty falling sleep, difficulty staying asleep, nonrestorative sleep, frequent nighttime awakenings, and/or excessive daytime napping. Insomnia is particularly frequent in those with breast cancer relative to other cancer types.\[[@ref11]\] Persistent sleep disorder can increase morbidity and mortality in cancer patients/survivors.\[[@ref12][@ref13][@ref14][@ref15][@ref16][@ref17]\] Treatment options for problems in sleep include the use of sedatives and hypnotics, cognitive-behavioral therapy (CBT), and lifestyle interventions. Despite various treatment options, sleep disorder and fatigue are listed consistently among a few major concerns by breast cancer survivors across the survivorship trajectory\[[@ref18][@ref19][@ref20]\] and are often not successfully treated.\[[@ref5][@ref11][@ref14]\]

Qigong is an ancient form of mind-body self-management approach that may potentially help people with sleep difficulties. Past controlled trials of healthy adults and people with chronic conditions have shown that Qigong exercise was associated with improvement in psychological and musculoskeletal problems including pain, fatigue, sleep disorder, and mental distress.\[[@ref21][@ref22][@ref23][@ref24][@ref25][@ref26]\] Past studies of breast cancer patients showed improvement in white blood cell counts, platelets, and overall severity of symptoms after Qigong exercise compared to a control group.\[[@ref27][@ref28][@ref29]\] Although the mechanism of Qigong exercise has not been elucidated, past research findings indicate two possible pathways involved: Qigong exercise focusing on meditation and deep breathing may increase melatonin,\[[@ref30][@ref31]\] and may also affect stress response pathway.\[[@ref32][@ref33]\] Other complementary approaches, such as Yoga or tai chi, may also benefit breast cancer survivors. A recent clinical trial in breast cancer survivors reported significant improvement in sleep quality using Yoga intervention.\[[@ref34]\] A recent randomized clinical trial of tai chi reported improvement in breast cancer survivors in physical function, mental health, and biomarkers of inflammation, but not in sleep and fatigue.\[[@ref35]\] Some formats of Qigong exercise are easy to learn and require less physical capacity to practice when compared to Yoga or Tai Chi, thus making it more desirable to patients who are less physically capable.

The purpose of this pilot study was to examine trends in outcomes of a Qigong exercise program in breast cancer survivors. Specifically, we are interested in changes in sleep quality and insomnia severity following the 6-week Qigong exercise program. In addition, outcome measurements included fatigue and QOL.

Methods {#sec1-2}
=======

The current pilot study used a single arm with pre- and post-intervention comparison. The inclusion criteria included women at age of 18 years or older, at least 3 months postcompletion of primary cancer treatment for stages I, II, or III breast cancer and with no further anticancer therapy planned; and meet the criteria for insomnia as indicated by the score of Insomnia Severity Index (ISI) (\>8). Participants should have no obvious cognitive impairment and no current evidence of cancer or any other diseases, such as severe depression or other psychiatric disorder, any illness affecting the immune system, etc. Participants should not be involved in other mind-body interventions during the study period. Women who used a stable dosage of hypnotic medication were not excluded from the study, provided that they met all criteria. The participants were instructed to maintain their regular exercise activities, but not to participate in any new exercise program during the study period.

Participants of the current study were 8 women (mean age 55.4 ± 9.4 years) with a diagnosis of stages I (*n* = 3), II (*n* = 4) or III (*n* = 1) breast cancer \[[Table 1](#T1){ref-type="table"}\]. They were on average 46.4 ± 68.5 months postcompletion of primary cancer treatment (surgery, chemotherapy, and radiation therapy) with no further anticancer therapy planned (excepting adjuvant hormone therapy). All participants had surgical intervention for breast cancer; all but one had radiation therapy; and all but two had chemotherapy. On average, the height, weight, and body mass index (BMI) of participants were (165.3 ± 5.4) cm, (75.0 ± 14.1) kg, and 27.3 ± 3.9, respectively with only one individual falling into obesity category based on her BMI. All participants were concerned about their sleep and feeling of fatigue with an average insomnia index score of 14.8 ± 2.1 at phone screen.

###### 

Study participants' background information and clinical characteristics

  Subject \#   Ethnicity/race   Age    Education (year)   Marital status   Employment      Cancer stage   Cancer treatment   Post-treatment   Height (cm)   Weight (kg)   BMI    IIS
  ------------ ---------------- ------ ------------------ ---------------- --------------- -------------- ------------------ ---------------- ------------- ------------- ------ ------
  1            W/nonH           70.6   15                 Married          Retired         1              s/r                105              167.6         70.4          25.0   12
  3            W/nonH           48.7   15                 Married          Unemployed      2              s/c                17               162.6         77.2          29.2   17
  4            W/nonH           67.1   13                 Married          Self-employed   3              s/r/c              8                157.5         65.8          26.5   16
  5            W/nonH           48.1   15                 Married          Full-time       2              s/r/c              22               170.2         86.3          29.8   17
  7            W/nonH           55.1   18                 Single           Full-time       1              s/r                195              171.5         103.5         35.2   15
  8            W/nonH           50.2   15                 Married          Part-time       2              s/r/c              8                157.5         59.0          23.8   13
  9            W/nonH           58.8   15                 Married          Part-time       1              s/r/c              6.5              167.6         68.1          24.2   12
  10           B                44.6   18                 Single           Full-time       2              s/r/c              10               167.6         69.5          24.7   16
  Mean                          55.4   15.5                                                                                  46.4             165.3         75.0          27.3   14.8

W/nonH: White or Caucasian, not Hispanic, B: Black or Africa American, s/r: Surgery and radiotherapy, s/c: Surgery and chemotherapy, s/r/c: Surgery, radiotherapy, and chemotherapy, BMI: Body mass index, IIS: Insomnia Index score

Study participants were recruited from patients who received their cancer treatment in KU Hospital. Potential candidates received the study information when they come to the clinic for clinical follow-up. If they were interested in the study, a researcher would contact them to conduct a phone screen. They were recruited sequentially in two small groups with four members in each group. Prior to their participation, all participants signed an informed consent approved by the institutional IRB. All participants went through the same 12-week intervention program that consists of a 2-week baseline (pre-intervention) period, 6-week intervention period, and 4-week end-intervention period. The 4-week end-intervention period is needed to obtain accurate information for sleep questionnaire.

A specific format of Qigong exercise, the "Six Healing Sound" Qigong exercise (see a webpage in Wikipedia for more details: <http://en.wikipedia.org/wiki/Liu_Zi_Jue>), was used in the study because it was considered easy to learn and practice. An experienced instructor conducted two subject training sessions. During the first training session, the subject learned to perform the Qigong exercise in standing or sitting posture. The standing position required the subject to stand with knees slightly bent and feet approximately shoulder width apart. The sitting position required the subject to maintain good upright posture. The subject should feel relaxed and comfortable with the body having a general sense of ease. The standing position was preferred; however, the subjects could choose to practice Qigong exercise in whichever posture was most comfortable for them. The subjects were then trained to control deep breathing through a diaphragmatic breathing technique and to pronounce each of the six healing sounds. A diaphragmatic breathing would minimize the role of upper chest and neck muscles and rely mainly on the contraction and relaxation of muscles in lower belly including diaphragm. When pronouncing a healing sound, the subject was instructed to exhale while quietly chanting the sound. In a complete session of "Six Healing Sound" Qigong exercise, the subject repeated six times on each of six healing sounds.

In the second training session, the subjects were taught body movements associated with each of the six healing sounds. The subjects were instructed to breathe slowly and coordinate deep breath with smooth arm movements while trying to clear their minds by concentrating on the feeling of diaphragmatic contraction during exhalation and expansion during inhalation. This is based on an assumption that self-healing begins with a quiet and empty state of mind. The body movements involved only upper extremity including arm/hand moving up/down and extending to the front and then back toward the body, except for the fifth sound during which a squat with limited knee flexion is involved (not required when performing the exercise in a sitting posture). Throughout the training sessions, the subjects were instructed to calm their mind into a mind emptiness status. They were instructed not to feel bad if thoughts or feelings intrude. Just simply say to themselves "Oh well" and return to their practice. Throughout the training sessions, the subjects learned to breathe slowly, to synchronize their breathing with the smooth arm movements and to clear their minds by concentrating on the feeling of lower belly contraction and expansion.

After the training sessions, the subjects were instructed to continue the Qigong exercise in their homes every day, at least twice per day in the morning immediately after getting up and in the evening right before going to bed. Each session of the Qigong exercise takes about 15-20 min. Participants were instructed to not eat any food within half hour before the Qigong exercise to avoid mild stomach discomfort. Each participant was given a diary to record the home Qigong exercise sessions (compliance measure) during the last day. The subject and her family member(s) were educated on the importance of adherence to Qigong exercise.

During the following 6-week intervention period, the participants met weekly with an instructor and a subgroup of 4 members for group exercise sessions. During the group exercise, the instructor evaluated and corrected the performance of each participant, answered her questions, and discussed relevant issues. The subjects turned in their Qigong exercise compliance diary that recorded their daily Qigong exercise in the previous 7 days. A discussion was triggered if the adherence rate was \<70%.

During the last 4-week post-intervention period, there were no group exercise sessions within these 4 weeks. The subjects were instructed to continue their Qigong exercise at home and maintain their Qigong exercise diary. The end-study evaluation was conducted for each subject.

Subjects' demographic data and medical history were collected immediately after they signed the informed consents. During the first meeting in the baseline period, participants were asked to fill out questionnaires regarding their insomnia severity, sleep quality, fatigue, and QOL. The same information from each subject was collected again at the end-study period. Information related to study feasibility was collected including compliance rates of participants for group and daily home sessions, adverse event or side effect, and attitude of participants toward the intervention. The compliance rate for group sessions was based on the attendance rate in a total of 8 group sessions (2 training and 6 intervention sessions). Participants were asked to start their daily two sessions of Qigong exercise after the first training session for a total of 7 weeks. The compliance rate for daily home exercise sessions was based on the rate of practiced homes sessions as recorded in daily exercise diary against a total of 98 expected sessions (two sessions daily in 7 weeks). Any adverse event or side effect, if occurred, would be documented. In an end-intervention questionnaire, all participants were asked whether they would recommend the intervention to others.

Instrument/measure {#sec2-1}
------------------

The evaluation of sleep primarily used data from subjective questionnaires because insomnia is a condition that is defined primarily by a subjective complaint of poor sleep and by a subjective dissatisfaction with sleep that are better accounted by sleep diaries and questionnaires.\[[@ref36]\] Sleeping quality was evaluated using the Pittsburgh Sleep Quality Index (PSQI)\[[@ref37]\] which was developed to measure sleep quality during the previous month and to discriminate between good and poor sleepers. Sleep quality is a complex phenomenon that involves several dimensions, each of which is covered by the PSQI. The covered domains include:

Sleep duration,Sleep disturbances,Sleep latency,Daytime dysfunction,Sleep efficiency,Sleep quality, andUse of sleep medications.

The PSQI is composed of 19 self-rated questions and 5 questions rated by a bed partner or roommate (only the self-rated items are used in scoring the scale). The PSQI has been reported to be a stable measure of sleep quality,\[[@ref38]\] with high test--retest reliability and construct validity.\[[@ref39][@ref40][@ref41]\] The ISI\[[@ref42]\] was also used to evaluate insomnia severity on the basis of difficulties falling asleep, night-time awakenings, early morning awakenings, impairment of daytime functioning due to sleep problems, noticeability of impairments, distress or worry caused by sleep difficulties, and dissatisfaction with sleep. Each item is rated using a five-point Likert scale ranging from 0 (not at all satisfied) to 4 (very much satisfied), for a total score ranging from 0 to 28. Its reliability and validity have been reported in general population and cancer patients.\[[@ref43][@ref44]\]

A commonly used instrument in assessing fatigue in cancer patients and survivors is Multidimensional Fatigue Inventory (MFI-20).\[[@ref45]\] This 20-item questionnaire, specifically designed for cancer patients, is a self-report instrument consisting of five subscales including general fatigue, physical fatigue, reduced activity, reduced motivation, and mental fatigue. Each subscale consists of 4 items and the score for each subscale is calculated as the sum of the scores of the 4 items. It was validated for use in cancer in a subsequent study of 275 patients undergoing radiotherapy.\[[@ref46]\] Function and QOL were measured by the MOS short-form 36 (SF-36) distributed by RAND, Santa Monica, CA, USA a multi-item scale that includes the following eight health concepts:

Physical functioning,Role limitations due to physical health,Role limitations due to emotional problems,Energy/fatigue,Emotional well-being,Social functioning,Bodily pain, andGeneral health.\[[@ref47]\] Higher scores (possible 0-100) indicate higher QOL.

Internal consistency reliability estimates for the MOS SF-36 have been reported with an α coefficient of 0.83.\[[@ref47]\] Normal scores for the general population are available.\[[@ref48]\]

Statistical analysis {#sec2-2}
--------------------

Multivariate analysis of variance (MANOVA) was used to determine whether a significant difference existed in mean values of four primary variables before and after the intervention program. If a significance was shown, a paired *t*-test with a Bonferroni adjustment for alpha level at (0.05/4 = 0.0125) was used in the *post-hoc* analysis to identify which variable(s) had significant difference before and after the intervention. Additional data analyses were conducted for each item of PSQI and each subcategory of SF-36. The MANOVA was used to analyze significant change in each of 7 items of PSQI. If a significance was shown between baseline and end-study evaluations, an independent *t*-test with an alpha level at (0.05/7 = 0.0071) was used in *post-hoc* analysis to identify which item had significantly changed after the intervention. Similarly, the MANOVA was used to analyze significant change in each of eight subcategories of SF-36. If a significance was shown between baseline and end-study evaluations, an independent *t*-test with an alpha level at (0.05/8 = 0.0063) was used in *post-hoc* analysis to identify which subcategory had significantly changed after the intervention.

Results {#sec1-3}
=======

Compliance rate of the participants was 89.6% for group sessions and 78.5% (ranging from 65.6% to 90.7%) for daily home Qigong exercises. No participant reported any adverse event or side effect during the study. All participants indicated in the end-intervention questionnaire that they would highly recommend the intervention to others.

Significant improvements were observed in PSQI total score (from 10.3 ± 3.6 to 5.4 ± 2.3, *P* \< 0.01) and Insomnia Index score (from 16.2 ± 3.2 to 6.8 ± 4.8, *P* \< 0.01) \[[Figure 1](#F1){ref-type="fig"}\]. Itemized details of PSQI scores \[[Table 2](#T2){ref-type="table"}\], however, revealed variance in changes of 7 items in PSQI. Two items, sleep quality and daytime dysfunction, improved significantly (*P* \< 0.007) after intervention. Three items showed the pre-post changes approaching significance, including sleep disturbances (*P* = 0.040), sleep latency (*P* = 0.024), and sleep efficiency (*P* = 0.024). Two items that seemed no significant changes before and after the intervention were sleep duration (*P* = 0.099) and use of sleep medicine (*P* = 0.175).

![Group means (standard deviation) between baseline and end-study measurements were significantly different in (a) Pittsburgh Sleep Quality Index total score (*P* \< 0.01); and (b) insomnia index score (*P* \< 0.01)](APJON-2-232-g001){#F1}

###### 

Mean score (SD) of the group for each specific item in PSQI pre (baseline) and post the intervention. For each item, the score ranged from 0 to 3, representing no problem to severe problem

  PSQI item               Pre           Post          Percentage of change   *P*
  ----------------------- ------------- ------------- ---------------------- -------
  Sleep duration          1.50 (0.39)   1.13 (0.83)   25.0                   0.099
  Sleep disturbances      1.75 (0.46)   1.38 (0.52)   21.4                   0.040
  Sleep latency           1.00 (0.93)   0.25 (0.46)   75.0                   0.024
  Daytime dysfunction     1.75 (0.89)   0.63 (0.74)   64.3                   0.007
  Sleep efficiency        1.38 (1.30)   0.63 (0.92)   54.5                   0.024
  Sleep quality           2.00 (0.76)   0.63 (0.92)   68.8                   0.000
  Use of sleep medicine   1.00 (1.41)   0.75 (1.16)   25.0                   0.175

SD: Standard deviation, PSQI: Pittsburgh Sleep Quality Index

Changes in MFI-20 score (from 60.3 ± 9.4 to 49.1 ± 8.6, *P* \< 0.01) and SF-36 score (from 66.8 ± 7.7 to 80.9 ± 3.9, *P* \< 0.01) were also significant after the intervention \[[Figure 2](#F2){ref-type="fig"}\]. An examination of all sub-categories of SF-36 revealed again different patterns of change after the intervention \[[Table 3](#T3){ref-type="table"}\]. Significant changes were found in subcategories of role limitations due to physical health (*P* \< 0.006). Changes approaching significance were found in physical function (*P* = 0.014), role limitations due to emotional problems (*P* = 0.009), energy/fatigue (*P* = 0.014), social functioning (*P* = 0.070), and general health (*P* = 0.009). There was no significant changes in emotional well-being (*P* = 0.279); and bodily pain (*P* = 0.237).

![Group means (standard deviation) between baseline and end-study measurements were significantly different in (a) Multidimensional Fatigue Inventory-20 score (*P* \< 0.01); and (b) short-form 36 score (*P* \< 0.01)](APJON-2-232-g002){#F2}

###### 

Mean score (SD) of the group for each specific subcategory in SF-36 pre (baseline) and post the intervention. For each item, the score ranged from 0 to 100, representing the worst to best

  SF-36 subcategory                            Pre           Post          Percentage of change   *P*
  -------------------------------------------- ------------- ------------- ---------------------- -------
  Physical functioning                         77.5 (11.6)   84.4 (8.6)    8.9                    0.014
  Role limitations due to physical health      59.4 (26.5)   100.0 (0.0)   68.4                   0.002
  Role limitations due to emotional problems   58.3 (38.8)   91.7 (15.4)   57.1                   0.009
  Energy/fatigue                               44.4 (12.7)   63.1 (11.3)   42.3                   0.014
  Emotional wellbeing                          71.0 (14.0)   75.0 (12.6)   5.6                    0.279
  Social functioning                           70.3 (17.6)   85.9 (23.6)   22.2                   0.070
  Bodily pain                                  73.1 (19.8)   77.5 (18.2)   6.0                    0.237
  General health                               63.1 (18.3)   72.5 (16.3)   14.9                   0.009

SD: Standard deviation, SF-36: Short-form 36

Discussion {#sec1-4}
==========

In this pilot study, we demonstrated the feasibility of a specific format of Qigong exercise, i.e., six healing sound Qigong, in breast cancer survivors. The compliance rates for either group exercise sessions or daily home exercise sessions were acceptable. On average, every participant practiced the Qigong exercise at home more than one session per day, as indicated by the lowest compliance rate of 65.6%. There was no adverse event or side effect reported by any participant. All participants would highly recommend the intervention to others.

Compared to the baseline evaluation, we observed significant improvements after the Qigong exercise in sleep, fatigue, and QOL in a group of breast cancer survivors who complained initially of sleep disorder. This result is in agreement with a recent study\[[@ref49]\] that reported significant improvement in sleep in a comparison to baseline assessment in both the Qigong exercise group and a sham Qigong exercise group. However, they found no difference between two groups in terms of sleep measurement. A few other studies of Qigong exercise reported beneficial results focusing on fatigue in breast cancer patients/survivors but did not include a measure of sleep quality.\[[@ref50][@ref51]\] Sleep disorder is an important concern in many breast cancer survivors, and current treatments had only limited success.\[[@ref5][@ref11][@ref14][@ref18][@ref19][@ref20]\] There is an urgent need to develop more effective interventions, especially self-management approaches to help those who suffer from sleep disorder after breast cancer treatment. More randomized controlled trials are needed to further examine the effect of Qigong exercise for sleep disorder in breast cancer survivors.

CBT has been recommended most commonly by health professionals for sleep disorder in cancer survivors. A comparison of outcomes of past CBT trials with the results of the current study revealed interesting areas for future research. First, the Qigong exercise in the current study showed a level of improvement in sleep measurements comparable to findings reported in CBT studies. For instance, compared to a recent study of CBT in breast cancer survivors, changes recorded from sleep diary were 18% in sleep efficacy, 55% in sleep latency, 4% in sleep duration.\[[@ref52]\] In contrast, our results showed changes in those three measurements by 54.5%, 75.0%, and 21.4%, respectively. Second, it appeared that the Qigong exercise in the current study produced more prominent changes in sleep quality and day-time dysfunction than other aspects of sleep including sleep latency and sleep efficiency. In contrary, studies of CBT intervention showed the major benefits in sleep latency and sleep efficiency. Past studies of CBT trials reported either no results on sleep quality,\[[@ref52][@ref53]\] or small changes (e.g., 8%) in the measure of sleep quality.\[[@ref54]\] Future trails will be desired to compare two types of interventions through a randomized design and confirm whether such observation can be further confirmed.

In the current study, we have also observed improvements of participants in fatigue and QOL. A further examination of subcategories of PSQI and SF-36 measurements indicated potential improvements in daytime dysfunction, physical function, role limitation due to physical health, role limitations due to emotional problems, energy/fatigue, social functioning, and general health. We speculate that the significant improvement in sleep measurements might partially contribute to reduced fatigue and improvement in physical function that in turn led to reduced role limitation due to emotional problems. It has been repeatedly reported in literature that fatigue is strongly correlated with insomnia in breast cancer survivors.\[[@ref5][@ref7][@ref9][@ref55][@ref56][@ref57]\] A recent study indicated that insomnia predicted higher levels of fatigue and treatment focusing on sleeping problems might be beneficial for fatigue symptom in those women.\[[@ref58]\] Future research may reveal more insight of the importance of a good sleep on multiple symptoms in breast cancer survivors.

Limitations of the current pilot study include lack of a randomized control group, small sample size without blinding of study personal or subjects. Nevertheless, the current study demonstrated the feasibility of a specific Qigong exercise in breast cancer survivors. Furthermore, results of outcome measurements indicated potential beneficial effects of the Qigong exercise in sleep disorder, fatigue, and QOL. The specific format of Qigong exercise used in the current study was easy to learn and practice. Future research is required to determine whether the significant improvement in sleep quality and other outcome measures can be achieved through a rigorous randomized controlled trial.
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